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Aim: The inhalation of Lavandula angustifolia (lavender) essential oil has anxiolytic-like effects in animal
models and humans, but its mechanism of action is still not fully understood. The inhalation of essential
oils can induce anxiolytic effects through the central nervous system (e.g., lung absorption and bloodstream
transport) or stimulation of the olfactory system and secondary activation of brain regions. Thus, the main
objective of the present study was to evaluate whether the perception of lavender essential oil aroma,
when inhaled, is necessary to obtain its anxiolytic-like effects in mice tested in the marble-burying test.
Main methods: Anosmia was induced by irrigating the nasal cavity with zinc gluconate + zinc acetate so that
the mice could not detect odors in the olfactory discrimination test. The marble-burying test was used to
evaluate the anxiolytic-like effects of inhaled lavender essential oil.
Key ﬁndings: Anosmia did not interfere with the anxiolytic-like effect of lavender essential oil inhalation in
the marble-burying test at concentrations of 2.5% (number of marbles buried: vehicle, 4.7 ± 1.0; zinc,
6.2 ± 2.2; p > 0.10) and 5% (number of marbles buried: vehicle, 3.4 ± 0.8; zinc, 4.3 ± 0.9; p > 0.10). Lav-
ender essential oil at a concentration of 0.5% was ineffective.
Signiﬁcance: These results suggest that olfactory system activation is unlikely to participate in the anxiolytic-like
effect of lavender essential oil inhalation.© 2013 Elsevier Inc. Open access under the Elsevier OA license.Introduction
Essential oils extracted from aromatic plants have been used for
aromatherapy since ancient times. Aromatherapy includes the in-
haled, transdermally absorbed, or ingested use of such essential oils
(Gedney et al., 2004). Among a variety of popular uses, aromatic
plant extracts have demonstrated an ability to inﬂuence mood, be-
havior, and perceived well being (Herz, 2009; Perry et al., 2012;
Tsang and Ho, 2010; Woronuk et al., 2011). Lavender essential oil
and its main compound, linalool, have been shown to reduce anxiety
in clinical and preclinical studies (Perry et al., 2012; Tsang and Ho,
2010).
Preclinical studies demonstrated the anxiolytic-like effect of
lavender essential oil after its inhalation (Bradley et al., 2007; Linck
et al., 2010) and intraperitoneal administration (Umezu et al.,
2006). Clinical studies also demonstrated an anxiolytic effect after in-
halation (Diego et al., 1998; Kritsidima et al., 2010; Lehrner et al.,: +55 41 3226 2042, +55 41
ca), valquiria@ufpr.br
), lossoem@gmail.com
ier OA license.2005) and oral administration (Kasper et al., 2010; Woelk and
Schläfke, 2010; Uehleke et al., 2012). Linalool, a major constituent
of lavender essential oil, is reputed to be the main component respon-
sible for its anxiolytic-like effect (Umezu et al., 2006). Inhaled linalool
exerts anxiolytic-like effects in mice in several animal models, includ-
ing the light/dark transition test, social interaction test (Linck et al.,
2010), elevated plus maze (Takahashi et al., 2011), and Vogel and
Geller-Seifter conﬂict tests (Umezu et al., 2006). Furthermore, linalool
and linalyl acetate, another component of lavender essential oil, ap-
pear to act synergistically to induce anxiolytic-like effects in the ele-
vated plus maze (Takahashi et al., 2011).
Woronuk et al. (2011) proposed that essential oils can be
absorbed into the human body through the respiratory system, trans-
dermally via direct contact, and by oral ingestion. Absorption via the
respiratory system can occur by two ways: (i) absorption by the
lungs and nasal mucosa into the blood stream, leading the active
compounds to the central nervous system (CNS) and directly acting
on neurotransmission and (ii) transmission through the olfactory sys-
tem, in which intranasal administration bypasses the blood–brain
barrier, and the substances reach the CNS via olfactory neural path-
ways (Faturi et al., 2010; Hanson and Frey, 2008; Kagawa et al.,
2003). Alternatively, lavender essential oil can activate olfactory
cells, eliciting signaling in the CNS through the olfactory system and
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Herz, 2009; Kagawa et al., 2003; Souto-Maior et al., 2011). The olfac-
tory system is anatomically close to brain regions associated with
affective information processing, such as the thalamus, hypothalamus,
amygdala, hippocampus, orbitofrontal cortex, and insular cortex,
which are also structures involved in emotion and odor processing
(Soudry et al., 2011).
The main objective of the present study was to evaluate whether
olfactory system stimulation is necessary for the anxiolytic-like ef-
fects of inhaled lavender essential oil in mice tested in the marble-
burying test, which is sensitive to anxiolytic drugs, such as benzo-
diazepines and selective serotonin reuptake inhibitors (Cryan and
Sweeney, 2011). A condition of anosmia was induced in mice by irri-
gating the nasal cavity with zinc gluconate + zinc acetate solution
(Alexander and Davidson, 2006; Lim et al., 2009) so that the mice
would not be able to detect odors.
Materials and methods
Animals
Adult male outbred Swiss Webster albino mice (30–40 g) from
our own breeding colony were used. They were housed in groups of
10 in polypropylene cages (40 × 34 × 16 cm) with sawdust bedding
until 3 days before the odor discrimination test when they were iso-
lated in smaller cages (28 × 17 × 12 cm). They were housed under
conditions of controlled light (12 h/12 h light/dark cycle; lights on
at 7:00 AM) and temperature (22 ± 2 °C). Food and water were pro-
vided ad libitum. The experiments were performed in accordance
with EU Directive 2010/63/EU for animal experiments and approved
by the internal Ethics Committee for Animal Experimentation of the
Federal University of Paraná (protocol no. 532). All efforts were made
to minimize the number of animals and their suffering.
Drugs and treatments
Intranasal administration of zinc gluconate + zinc acetate solution
A zinc formula that contained zinc gluconate and zinc acetate was
obtained from the cold remedy Zicam Oral Mist (Matrixx Initiatives,
Scottsdale, AZ, USA). For intranasal administration, the animals
were sedated with an intraperitoneal administration of 100 mg/kg
ketamine and 7.5 mg/kg xylazine, and approximately 30 μl of zinc
gluconate + zinc acetate solution (zinc) or saline was slowly deliv-
ered into the right nasal cavity using a Hamilton syringe connected
to a blunted 30-gauge needle through a polyethylene tube. The nee-
dle was inserted 3 mm past the external nostril to help irrigate the ol-
factory epithelium. The mouse was allowed to rest for 3–5 min, and
the procedure was repeated in the left nostril. During respiration,
part of the solution (zinc solution or saline) was expelled through
the nostril and dried with absorbent paper to allow the animal to con-
tinue breathing (Lim et al., 2009; McBride et al., 2003; Slotnick et al.,
2010).
Lavender essential oil inhalation
We used 100% pure lavender essential oil (Lavandula angustifolia;
Phytoterápica, São Paulo, Brazil) that contained 46.5% linalool and
53.5% linalyl acetate, determined by gas chromatography (DALL
Soluções Analíticas e Empresariais, Curitiba, Brazil) with a ﬂame
ionization detector (European Pharmacopoeia 7th edition, 2011).
Lavender essential oil was diluted in propylene glycol to obtain con-
centrations of 0.5%, 2.5%, and 5.0% (v/v) minutes before the experi-
ments. Distilled water was used as a control. For the inhalation
procedure, each mouse was placed inside a plastic container
(32 × 24 × 32 cm) within its individual home cage. Cotton wool
(0.7 g) was placed in the corner of the plastic container and soaked
with lavender essential oil (lavender) or distilled water at a ﬁxedvolume of 1 ml. The container lid was then closed. The animals
were subjected to the aroma for 15 min and then immediately
underwent the tests. Each cotton wool with lavender oil was used
only once and renewed each time.
Positive control for anxiolytic and sedative effects in the marble-burying
test and locomotor activity evaluation
Diazepam (União Química, São Paulo, Brazil) was intraperitoneal-
ly administered 30 min before the tests and used as a positive control
for sedative and anxiolytic effects in the locomotor activity evaluation
(3.0 mg/kg) and marble-burying test (1.0 mg/kg).
Behavioral tests
Olfactory discrimination
The olfactory discrimination test was performed using a modiﬁca-
tion of the method described by Prediger et al. (2010). Each mouse
was placed in a polypropylene cage (28 × 17 × 12 cm; i.e., the
same cage used as the individual home cage), which was divided
into two equal areas separated by an open door. The cage contained
only the unchanged sawdust that the same mouse had for 3 days be-
fore the test for 5 min habituation. After this period, the unchanged
sawdust on one side of the cage was replaced by sawdust used by
other mice. During the next 5 min, the mouse could choose between
one compartment with the sawdust used by the other mice (i.e., un-
familiar compartment) and the other compartment with unchanged
sawdust (i.e., familiar compartment) that the same mouse had for
3 days before the test. The time (in seconds) spent in each side of
the cage was recorded.
Locomotor activity evaluation
The same cage used as the group home cage (40 × 34 × 16 cm),
without sawdust, was used to assess locomotor activity. The ﬂoor of
the cage was divided into 24 small squares. The mice were individu-
ally placed in the center of the cage, and the number of squares
crossed with all four paws (i.e., crossings) was counted during a
5-min session. The apparatus was cleaned with 10% alcohol between
animals.
Marble-burying test
The mice were individually placed in the center of a polypropyl-
ene cage (40 × 34 × 16 cm; i.e., the same cage used as their group
home cage) that contained 24 clean glass marbles (15 mm diameter)
evenly spaced at the periphery of the cage (5 cm from the walls) on
5-cm-deep sawdust bedding. After a 20-min experimental period,
the mouse was removed from the cage, and the number of marbles
buried at least two-thirds deep into the sawdust was counted. The
cages and sawdust were changed, and the glass marbles were washed
with 10% alcohol between animals to avoid interference from residual
odors (Hayashi et al., 2010; Krass et al., 2010).
Experimental design
Experiment 1
The olfactory discrimin1ation test was performed 2, 5, 8, 11, 15,
20, and 26 days after saline or zinc solution administration (n = 7–
9 mice/group) to evaluate the duration of olfactory impairment that
leads to a loss of the sense of smell or anosmia (Fig. 1, Experiment
1). In all cases, the animals were isolated for 3 days before the olfac-
tory discrimination test. The following groups were formed: saline
and zinc.
Experiment 2
The next step was to evaluate the inﬂuence of anosmia on the
anxiolytic-like effect of lavender essential oil. In separate groups of
mice, zinc solution or saline was administered (forming two groups:
Fig. 1. Experimental design. Experiment 1: Effect of zinc (zinc gluconate + zinc ace-
tate) nasal instillation on olfactory discrimination over 26 days. Experiment 2: Inﬂu-
ence of anosmia on anxiety-like effect of lavender essential oil (note: only a
subgroup of mice was tested for locomotor activity).
Fig. 2. Effect of zinc nasal instillation on olfactory discrimination over 26 days. The data
are expressed as the mean ± SEM (n = 7–9 mice/group) time spent (in seconds) on
the side of the cage with the mouse's own sawdust (familiar) and side with sawdust
from other mice (unfamiliar) during the 5 min test. *p b 0.05, compared with familiar
side (three-way ANOVA followed by Student's t-test for dependent samples).
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after 7 days to conﬁrm the loss of the ability to choose between
sides in the anosmia group (n = 44 mice/group). A subgroup of
these mice (n = 16 mice/group) was tested for locomotor activity
immediately after the discrimination test to evaluate the effect of
anosmia, thus forming two groups: saline and anosmia. The next
day, the mice that received saline or zinc solution were treated with
lavender essential oil (0.5%, 2.5%, and 5.0%) or distilled water. Imme-
diately after the 15 min inhalation, the mice were tested in the
marble-burying test (Fig. 1, Experiment 2; n = 11 mice/group). The
following groups were formed: (1) saline + distilled water, (2) sa-
line + 0.5% lavender essential oil (lavender), (3) saline + 2.5%
lavender, (4) saline + 5.0% lavender, (5) zinc + distilled water,
(6) zinc + 0.5% lavender, (7) zinc + 2.5% lavender, and (8) zinc +
5.0% lavender.
Experiment 3
A third group of mice was tested for locomotor activity 15 min after
distilled water or lavender inhalation at concentrations of 2.5% and 5%.
Diazepam (3 mg/kg, i.p.) was used as a positive control, in which the
mice were treated 30 min before the test (n = 8 mice/group).
Experiment 4
A different group of mice was treated 30 min before the test with
vehicle or diazepam (1 mg/kg, i.p.) as a positive control and tested in
the marble-burying test.
Statistical analysis
The discrimination test data were analyzed using three-way anal-
ysis of variance (ANOVA), followed by Student's t-test for dependent
samples to compare the time spent in each side of the cage at each
time point. The locomotor activity data were analyzed using
one-way ANOVA, followed by the Duncan test or Student's t-test for
independent samples. The marble-burying test data were analyzed
using two-way ANOVA, followed by the Duncan test when appropri-
ate or Student's t-test for independent samples. Values of p b 0.05
were considered statistically signiﬁcant. The data are expressed as
mean ± SEM.Results
Experiment 1: effect of zinc solution on olfactory discrimination over
26 days
The three-way repeated-measures ANOVA revealed a signiﬁcant
effect of side (F1,14 = 13.59, p b 0.01), a side × zinc interaction
(F1,14 = 10.47, p b 0.01), a side × day interaction (F1,84 = 38.29,
p b 0.001), and a side × day × zinc interaction (F1,84 = 18.06,
p b 0.001) but no signiﬁcant effect of zinc or day (F1,84 = 1.82,
p > 0.05) and no day × zinc interaction (F1,84 = 0.23, p > 0.05). As
shown in Fig. 2, mice in the control group (saline) exhibited a prefer-
ence for the compartment with sawdust used by other mice (unfamil-
iar compartment) on all of the days tested (Student's t-test for
dependent samples: t6 = −2.93 to −10.60, all p b 0.03). Intranasal
administration of the zinc solution impaired olfactory discrimination,
in which the mice did not show a preference for either side of the
cage 2, 5, 8, 11, 15, 20, and 26 days after treatment (Student's t-test
for dependent samples: t8 = −2.22 to 1.11, all p > 0.05).
Experiment 2: inﬂuence of anosmia on anxiety-like effect of lavender
essential oil
Discrimination test
Student's t-test for dependent samples indicated a signiﬁcant dif-
ference between the time spent in the unfamiliar and familiar sides
of the apparatus in saline-treated mice (t43 = 16.103, p b 0.0001).
Similar to Experiment 1, zinc instillation abolished this difference
(Student's t-test for dependent samples: t43 = −0.981, p > 0.05).
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79 ± 4 s for the unfamiliar and familiar sides, respectively. In the an-
osmic (zinc) group, the values were 144 ± 6 s and 156 ± 6 s for the
unfamiliar and familiar sides, respectively (n = 44 mice/group).
Locomotor activity
Student's t-test indicated no signiﬁcant effect of intranasal zinc
administration on locomotor activity 7 days after administration
compared with the saline group (Student's t-test: t30 = 0.59,
p > 0.05). The mean number of crossings (±SEM) was 179 ± 13 in
the saline group and 168 ± 12 in the zinc group (n = 16/group).
Marble-burying test
Two-way ANOVA showed a signiﬁcant main effect of lavender
(F3,80 = 215.94, p b 0.001) but no signiﬁcant effect of zinc (F1,80 =
5.737, p > 0.05) and no lavender × zinc interaction (F3,80 = 3.924,
p > 0.05). As shown in Fig. 3, 2.5% and 5.0% lavender reduced the
number of marbles buried compared with distilled water and 0.5%
lavender (both p b 0.05).
Experiment 3: effect of lavender essential oil on locomotor activity
A signiﬁcant effect of treatment was found on the number of
crossings in the cage (F3,28 = 23.008, p b 0.0001). Diazepam reduced
locomotor activity compared with all of the other groups (all
p b 0.001). The 2.5% and 5.0% lavender essential oil groups did not
differ (both p > 0.1) from the control group (saline: 186 ± 12; diaz-
epam: 73 ± 7; 2.5% lavender essential oil: 160 ± 14; 5.0% lavender
essential oil: 187 ± 11; mean ± SEM, n = 8 mice/group).
Experiment 4: effect of diazepam in the marble-burying test
Student's t-test indicated a signiﬁcant reduction of the number of
marbles buried in the diazepam group compared with the saline
group (t14 = 3.26, p b 0.01; mean ± SEM; saline: 12 ± 2; diazepam:
3 ± 0.8; n = 8 mice/group).
Discussion
The main ﬁnding of the present study was that anosmia induced by
zinc (zinc gluconate + zinc acetate) did not impair the anxiolytic-like
effect of lavender essential oil inhalation. Intranasal administration of
zinc impaired olfactory discrimination, indicating a loss of the sense of
smell or anosmia in these mice. Anosmia was observed until day 26,
which is consistentwith previous studies that also showed that intrana-
sal zinc caused long-lasting anosmia (Lim et al., 2009; McBride et al.,
2003; Slotnick et al., 2007). Furthermore, zinc administration did not in-
terferewithmarble-burying behavior or locomotor activity 7 days after
treatment. Lavender essential oil inhalation also did not impair locomo-
tor activity.Fig. 3. Effect of zinc-induced anosmia on anxiety-like effect of lavender essential oil in
the marble-burying test in mice. The data are expressed as the mean ± SEM number of
marbles buried during the 20 min test (n = 11 mice/group). DW, distilled water;
lavender, lavender essential oil (0.5, 2.5, or 5.0% concentration). *p b 0.05, compared
with saline and 0.5% lavender; **p b 0.01, compared with saline and 0.5% lavender
(two-way ANOVA followed by Duncan test).The marble-burying test has been used to screen anxiolytic-like
drugs and is sensitive to clinically effective anxiolytic drug treatments,
such as benzodiazepines and some antidepressants (Borsini et al.,
2002; Nicolas et al., 2006; Njung'e and Handley, 1991). In this test,
mice bury harmless glass marbles, an unconditioned behavior, and
anxiolytic-like drugs decrease the number of marbles buried at doses
that do not affect locomotor activity (Baretta et al., 2012; Borsini et al.,
2002; Nicolas et al., 2006; Njung'e and Handley, 1991). In the present
study, lavender essential oil signiﬁcantly reduced marble-burying be-
havior at a concentration that did not alter locomotor activity, indicat-
ing an anxiolytic-like effect. These results are consistent with previous
clinical and preclinical studies that found anxiolytic effects of inhaled
lavender essential oil (Bradley et al., 2007; Kritsidima et al., 2010;
Lehrner et al., 2005; Linck et al., 2010; Tsang and Ho, 2010). However,
its pharmacological mechanism of action is still not fully understood.
The effects of essential oils may occur through olfactory system activa-
tion or by delivery directly to the CNS through respiratory absorption or
olfactory system transport (Almeida et al., 2004; Faturi et al., 2010;
Hanson and Frey, 2008; Herz, 2009; Kagawa et al., 2003; Soudry et al.,
2011). The present study showed that the induction of anosmia did
not impair the anxiolytic-like effect of lavender essential oil inhalation,
suggesting that intact olfactory perception is not required for the ob-
served effect. This result is consistent with Kagawa et al. (2003), who
found that the effect of cedrol, a major component of cedarwood oil,
on pentobarbital-induced sleep timewas not affected by an impairment
of olfaction induced by zinc sulfate. However, in the same study, the au-
thors reported that the sedative effect of an inhaled lavender-roman
chamomile oil mixture was impaired by a reduction of olfactory func-
tion. Furthermore, inhaled lavender essential oil and intraperitoneal
chlordiazepoxide reversed c-fos expression induced by open-ﬁeld expo-
sure in the paraventricular nucleus of the hypothalamus, dorsomedial
hypothalamic nucleus, and central nucleus of the amygdala (Shaw et
al., 2011). In the present study, the volatile compounds of lavender es-
sential oil may have exerted anxiolytic-like effects through lung or
nose mucosa absorption, which led the active compounds to the sys-
temic circulation and CNS and to eventual activation of relevant re-
ceptors. This possibility is consistent with the observed anxiolytic-like
effects of oral or intraperitoneal administration of lavender essential oil
(e.g., Umezu et al., 2006) and c-fos expression discussed above.
Conclusion
In conclusion, anosmia did not interfere with the anxiolytic-like ef-
fect of lavender oil inhalation in the marble-burying test in mice,
suggesting that the olfactory system does not play a central role in the
anxiolytic effects of lavender essential oil.
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